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Background: During healing, clot blended graft materials may retract away from implant 
surfaces creating microgaps that compromise re-osseointegration. The present study aimed to 
evaluate different surface decontamination materials’ effect on adhesion of the graft materials to 
peri-implantitis affected parts, a factor that can resist clot blended graft retraction improving re-
osseointegration. Methods: Eighteen peri-implantitis affected implants diagnosed as hopeless 
and designated for removal contributed in this prospective, masked trial. Samples were 
randomly distributed into three groups, each of six implants. Group one (G1) was coated with 
hydroxyapatite of a micro particle size of 250 to 1000 µm after saline surface decontamination 
for two minutes. Group two (G2) peri-implantitis affected parts were treated with the graft material 
following two minutes of chlorhexidine gluconate 0.12% (CHX) surface treatment. Group three 
(G3) implants were coated with the graft material after citric acid (CA) (pH = 1) surface 
conditioning for two minutes. Implants in all groups were agitated in phosphate-buffered saline 
(PBS) by using an automatic tissue processor agitator for three minutes. Implants were prepared 
for surface scanning evaluation. Results: Scanning electron microscopy (SEM) observation of 
G1 saline treated control implants were devoid of bone particles adherent to peri-implantitis 
affected surfaces. The surface area covered by grafted particles in G2 was statistically higher 
than that of G1 (P<0.01). Group three (CA-treated) showed nearly complete coverage of peri-
implantitis affected parts by the graft material covering 88.8% of examined surface areas which 
was statistically higher than that of G2 (P<0.05). Conclusion: Citric acid implant surface 
conditioning could improve implant re-osseointegration through enhancement of the graft 
adhesion to the implant surface. Smear layer barrier effect seemed to be the most important 
factor that compromised graft adhesion to preri-implantitis affected parts of the implant surfaces. 
Keywords: Peri-implantitis; bone grafts; dental implants; bone substitutes; regeneration; 
osseointegration; citric acid
Introduction 
The screw-shaped design of implants, 
combined with various surface 
modifications of titanium limit the effect of 
mechanical debridement and can certainly 
result in incomplete removal of all adhering 
microorganisms.1 Association studies have 
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identified a microbiota characterized by 
high counts and proportions of gram-
negative anaerobic bacteria around 
implants with clinical signs of peri-
implantitis.2-6 Various non-surgical and 
surgical modalities have been tested alone 
or in combinations in animals, humans, or 
both with no definitive gold standard.7-9 
Numerous methods for implant surface 
decontamination have been suggested as 
a part of non-surgical treatment. 
Mechanical, sonic and ultrasonic scaling, 
air-powder abrasion, lasers, and numerous 
chemical solutions such as chlorhexidine 
digluconate, hydrogen peroxide, citric acid 
(CA), and saline have been tested.10-13 
Some studies indicated that all methods of 
surface debridement achieve resolution of 
the inflammatory lesion, but fail to achieve 
significant re-osseointegration adjacent to 
the peri-implantitis affected implant 
surface.14,15 Most animal studies 
demonstrated a connective tissue capsule 
separating implant surfaces from the 
adjacent bone, except at the deepest part 
of the defects.16-21 Mechanical therapy in 
adjunction to local antimicrobials reported 
improvements in bleeding on probing 
(BOP) and probing depths (PD); however, 
no degree of re-osseointegration has been 
reported. 22,23 
Several attempts have been made 
to promote re-osseointegration using 
regenerative techniques. In most studies, 
greater re-osseointegration has been 
observed when using a grafting material 
with or without resorbable or non-
resorbable membranes, compared with 
surgical access decontamination and 
closed healing alone.24,25 Findings from 
studies that evaluated the adjunctive effect 
of barrier membranes have been 
contradictory.10,17,24,25 Most studies 
indicated that concept as a predictable 
treatment for osseous defects in peri-
implantitis with an improvement in soft 
tissue conditions; however, membranes 
exposure was a frequent complication.24 
Although such a regenerative approach 
may gain considerable bone fill, re-
osseointegration was limited and 
unpredictable as reported in many studies 
compared to debridement alone.26-28 In 
addition, osseointegration cannot be 
determined histologically if it actually 
occurred in the augmented site with 
apparently formed  dense bone at the 
implant’s neck.29  
The shrinkage of clot-blended graft 
material away from the implant surface is 
one of the most important factors that must 
be controlled to optimize the treatment 
outcomes following the use of regenerative 
materials. This permits recontamination of 
the exposed implant surface and epithelial 
attachment apical migration through the 
micro-gap that could ultimately appear 
between the clot-blended bone substitutes 
and the implant surface.30 The osteogenic 
cells’ migration through the clot matrix 
causes further fibrin strand contraction in 
the clot matrix, which may lead to 
detachment of the strands from the implant 
thereby disrupting or stopping contact 
osteogenesis and osteoconduction.30 The 
fibroblasts’ migration has been recognized 
as being responsible for wound 
contraction.31 Consequently, optimization 
of the adhesion and adsorption of the fibrin 
clot to the gingival flap and implant 
compromised surfaces is essential.32 
Gamal reported that the exposure of a 
roughened dentinal tubule by 
ethylenediaminetetraacetic acid (EDTA) 
root surface etching enhanced clot blended 
β-tricalcium phosphate graft adhesion to 
periodontally affected root surfaces. He 
also reported that the infected smear layer 
removal and dentinal tubules exposure 
enhanced graft adhesion through the 
mechanical impaction of the small-sized β-
tricalcium phosphate within the EDTA-
exposed tubules.33 Similarly, Gamal et al. 
claimed that exposure of the roughened 
implant surface by acid treatment 
enhanced mechanical integration of nano-
hydroxyapatite (NHA) particles onto peri-
implantitis affected surfaces, which could 
enhance re-osseointegration.34 To the best 
of our knowledge, the effect of various 
decontamination materials on graft 
adsorption and adhesion to peri-implantitis 
affected surfaces has not been clarified. In 
the present scanning electron microscopy 
(SEM) study, the hypothesis to be tested is 
that implant surface decontamination is the 
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main factor that determines the adhesion of 
graft particles to the surface. Implant 
surface topography following debridement 
and etching with CA, chlorhexidine 
gluconate 0.12% (CHX), or saline solution 
and the adhesion power of micro-sized 
biphasic calcium phosphate (BCP) 
bioceramics to treated peri-implantitis 
affected implant surfaces were evaluated. 
Materials and Methods 
I.   Sample Selection and Assignment 
Eighteen peri-implantitis affected implants 
diagnosed as hopeless and designated for 
removal were collected for this prospective 
study, masked, in vitro trial from patients 
seeking care for peri-implantitis at the 
Departments of Periodontology, Faculty of 
Oral and Dental Medicine, Ain-Shams 
University, Cairo, Egypt. Recruited patients 
were non-smokers with stage 3 and 4, grade 
B periodontitis.35 Patients participating in this 
trial were 26 to 47 years of age at the time of 
baseline examination (mean age: 33 ± 8.1 
years). Each patient contributed a single 
implant from the anterior or premolar 
maxillary or mandibular areas. Intraoral 
radiographs of implants showed marginal 
bone loss of ≥4 threads and PD ≥6 mm, 
BOP, and suppuration from the pockets. 
II.   Experimental Protocol 
Prior to the removal of peri-implantitis 
affected implants, a size 0 round bur was 
used to mark the affected parts under 
copious water irrigation. After removing the 
implants, adherent blood and saliva were 
removed by physiologic saline solution. 
Each implant was placed in an individual 
sterile container and stored at 0⸰C to 5⸰C until 
initiation of the experiment. At the time of 
sample procurement, the peri-implantitis 
affected parts received thorough 
debridement using hand titanium curettes.a 
Samples were randomly distributed using 
coin toss (coin was flipped by the same 
individual, Dr. MTD, Al Azhar University, 
Cairo, Egypt, who was not involved in any 
 
a Barnhart Universal Curettes, Dental A2Z Limited, UK 
b MetaBiomed, DM bone, Korea 
c Hexitol, The Arab Drug Company ADCD, Egypt 
 
d Regional Center of Mycology and Biotechnology, Cairo, 
Egypt 
aspect of the study) according to surface 
treatment into three groups each of six 
implants. Peri-implantitis affected parts in 
group 1 (G1) were treated with BCP 
bioceramics of a microparticle size 250 to 
1000 µmb following saline surface 
decontamination for 2 minutes. Group 2 (G2) 
peri-implantitis affected parts were treated 
with the same graft material following two 
minutes of CHXc surface treatment. Group 3 
(G3) implants were treated with the graft 
material after two minutes of surface 
conditioning using CA (pH = 1).d Implants, 
including surface coating, in all groups were 
agitated in phosphate-buffered saline (PBS) 
by using an automatic tissue processor 
agitatore for three minutes at speed number 
one. 
III.   SEM Preparation 
After completing the experimental 
procedures, all implants were mounted on 
aluminum stubs covered with colloidal 
graphite then sputter-coated with a thin layer 
of gold-palladium (200 A°), and stored at 
room temperature. Scanning electron 
microscopy observations and records were 
performed by a masked operator (AG) using 
a scanning electron microscopef at 5.0 kV. 
The samples were dried overnight in a 
dehydration jar before mounting on the 
aluminum stubs. Representative SEM 
photomicrographs for each test area at 
different magnification levels were 
produced. An image analysis systemg was 
used to measure the implant surface area 
occupied by adherent graft particles. A 0.02 
mm circular region of interest was used to 
trace the representative area as a means of 
standardization of the measurement method 
at a magnification of 500. Other 
photomicrographs were taken at higher 
magnifications to identify the nature of the 
deposited materials. Data were presented as 
mean and standard deviation (SD) values. 
Results 
e Leica EM TP, Leica Microsystems, Vienna, Austria 
f JEOL JSM-1600, JEOL USA, Peabody, MA 
g Able Image Analyser, Version 3.6 Self-Installer, Mu Labs, 
Ljubljana, Slovenia 
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The present study included seven implants 
that were sand-blasted and large grit- and 
acid-etched; six were grit-blasted and high 
temperature etched implants; and five were 
plasma sprayed implants. Table 1 shows the 
percentage of surface areas covered by the 
graft material in all groups. 
Table 1. Mean values, standard deviation 
(SD) values, and results of analysis of 
variance test for comparison among graft 




Percentage of Coverage 
Mean SD Significance P 
Value 
G1 2.6 17.7 A <0.001 
G2 48.5 7.8 B 
G3 88.8 6.7 C 
*Significant at P < 0.05; mean values with 
different letters are statistically, significantly 
different according to the Tukey test. 
Scanning electron microscopy observation 
of G1 saline treated control implants were 
found mostly devoid of bone particles 
adherent to the peri-implantitis affected 
surfaces. All surfaces showed an 
amorphous, irregular surface of smear 
coating that completely obscured the implant 
surface pore orifices. All specimens showed 
areas of plaque and partially detached 
debris on the implant surfaces (Figures 1, 2). 
One sample showed monolayered graft 
particle adhesion covering small areas 
(17.7% of the surface examined).  
Figure 1. 
A homogenous smear layer is covering the entire 
surface with no graft adherent to the surface of a 
G1 saline treated sample. Note the total 
obliteration of the implant surface topography. 
Figure 2. 
Mature biofilm consisting of multiple layers of 
rods and coccoid bacteria covering some parts 
of G1 samples indicating the limited antibacterial 
effect of saline irrigation 
At this particular site the surface appeared 
uncovered by the surrounding surface smear 
layer. Group 2 (CHX treated implants) 
showed areas of bone substitute adhesion to 
the peri-implantitis affected parts (48.5 %) in 
four samples. The surface in between the 
adherent particles appeared relatively clean 
with no smear coating (Figure 3). Two 
samples revealed total smear coverage 
devoid of graft material-implant surface 
adhesion. A porous smear coating was a 
common finding in all samples of the CHX 
group (Figure 4). Bacterial colonization was 
also evident in all samples. The surface area 
that was covered by grafted particles was 
statistically higher than that of G1 (P <0.05). 
Group 3 (CA-treated) revealed significant 
coating of the peri-implantitis affected parts 
by the grafted material covering 88.8% of the 
surface areas examined (Figure 3). 
Figure 3. 
G2 CHX treated sample with single layered 
separated particles adherent to a clean smear 
uncovered area of the implant surface 
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Figure 4. 
Porous smear coating of CHX treated sample 
suggesting creation of substantive CHX 
mechanical barrier preventing graft adhesion 
No samples appeared devoid of the graft 
material that was packed in a multilayered 
pattern (Figure 5). The impactions of graft 
material within the exposed pores of implant 
surfaces were evident in most samples. The 
large particles appeared to be coated with 
plenty of adsorbed smaller graft particles 
(Figure 6). The implant surfaces appeared 
without smear layer surface coverage with a 
detectable exposure of implant surface 
micro-textured orifices (Figure 7). No 
bacterial accumulations were observed on 
any of the samples examined. Citric acid 
etching did not appear to damage titanium 
implant surfaces and no morphologic 
changes were observed in any of the 
examined samples (Figure 7). The surface 
area coated by grafted particles was found 
to be statistically higher than that of G1 and 
G2 (P ≤0.05). 
Figure 5. 
G3 treated samples showed multilayered graft 






G3 treated sample showing co-adhesion 
between small graft particles and larger particles 
in a multilayered pattern 
 
Figure 7. 
G3 citric acid treated sample showing clean 
rough implant surface area 
Discussion 
Peri-implantitis affected parts are 
usually covered with an infected smear layer 
of instrumentation debris after routine 
implant preparation, which seems to 
compromise adhesion of the fibrin clot to 
such altered surfaces.34 In addition, the 
continuous mobility of the flap and early clot 
retraction could move the clot-blended graft 
complex away from the implant surface 
which subsequently induces a microgap, 
graft epithelialization, and eventual 
recontamination of the implant surface.30 For 
that reason, treating peri-implantitis affected 
implant surfaces should include complete 
infected biofilm and smear-like layer removal 
with a resultant complete exposure of the 
roughened titanium implant surfaces. In the 
present study, the authors hypothesized that 
the most important factor that could enhance 
graft adhesion to peri-implantitis affected 
surfaces is the implant surface etchant type. 
They selected to detoxify and clean the 
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implant surfaces with saline, CHX, and CA 
because they appeared safer with regard to 
their effect on clot stability in comparison to 
EDTA.36 The current study includes the more 
challenging failed implants in patients 
treated for periodontitis. An association 
between periodontal and peri-implant 
conditions has been reported. In individuals 
with a history of periodontitis, the incidence 
of peri-implantitis was reported to be four to 
five times higher than in individuals with no 
history of periodontitis.37 Thus, individuals 
who are susceptible to periodontitis may 
show increased implant marginal bone 
loss.38 Many authors have published articles 
using tetracycline and CA as detoxifying 
agents with successful results.39-41 However, 
due to inadequate defect isolation, dental 
plaque reformed within seconds following 
chemical surface treatment, resulting in a 
rapid recontamination of the implant 
surfaces and subsequent long junctional 
epithelial healing.42 Therefore, in this study, 
the authors immediately applied 
hydroxyapatite-grafted particles onto 
chemically detoxified implant surfaces in 
order to determine which detoxifying agent 
could optimize graft-implant integration 
which is supposed to prevent the 
recontamination of the implant surfaces. 
Citric acid surface treatment was associated 
with the highest percentage of adherent graft 
material to implant surface compared to that 
of saline and CHX. The immediate graft 
application and the effective antibacterial 
and smear removal capacity of CA which 
was seen in all examined samples seemed 
to be responsible for such enhanced graft-
implant adhesion. The chemical treatment of 
the implant surface and the exposure of 
implant surface pores were found to be 
important for enhancing re-osseointegration. 
Cooper reported that an increase in titanium 
implants’ surface roughness improved bone 
integration with respect to the amount of 
bone formed at the interface and increased 
osteoconduction, and osteogenesis.43 Citric 
acid has been shown to reduce 
Porphyromonas gingivalis and Escherichia 
coli lipopolysaccharides when applied for 
two minutes in vitro.44,45 Citric acid appeared 
to be safe and no surface alterations were 
seen on any of the examined samples. In the 
present study, the use of plastic curettes to 
clean the implant surface appeared to 
maintain the integrity of the implant surface 
topography. It has been shown that the use 
of metallic curettes alter the implant surface 
favoring bacterial colonization, while plastic 
curettes induce minimal damage or none at 
all.46 Contrary to what was found in our 
study, Frank MJ et al. reported that low pH 
acidic substances like CA have been related 
to implant surface corrosion, potentially 
reducing the chance for re-
osseointegration.47 A recent systematic 
review reported that 40% CA of pH 1 for 30-
60 seconds proved to be the most effective 
agent for bacterial growth reduction on 
hydroxyapatite surfaces, although peri-
implant tissues could be affected by the 
clinical application at a more acidic pH and 
the prolonged time of application can affect 
the union between the hydroxyapatite and 
the implant body. The multilayered particle 
adhesion seen in most of the samples 
treated with CA could reflect an acceptable 
implant surface energy that favors graft 
consolidation. The enhanced smear removal 
capacity appeared to improve initial 
wettability and to retain sandblasted and 
acid-etched (SLA) implant microstructure, 
both of which could be important in inducing 
multilayered graft adhesion to the implant 
surface. Initial adhesion begins in areas of 
high wettability (a characteristic of titanium) 
and inside the pits and grooves of the 
roughened surfaces, where it is difficult to 
eliminate.48 
The smear coating in the CHX group 
appeared different from that of the saline 
treated group. In contrast to the 
homogeneous saline treated smear layer, 
the CHX smear surface appeared 
disintegrated and porous suggesting a lack 
of smear removal power of the saline 
solution and a certain degree of limited 
smear removal capacity of CHX. 
Chlorhexidine seepage within the implant 
surface pores with subsequent adsorption to 
its internal surfaces could explain the porous 
appearance of CHX smear layer. 
Unexpectedly, CHX showed significantly 
lower levels of graft adhesion compared to 
that of CA. The limited smear removal 
capacity and the creation of a porous CHX 
smear coating could be an explanation for 
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such limited graft adhesion. The substantive 
CHX layer could act as a barrier, explaining 
the reduced graft-implant adhesion power. In 
contrast to CA which could be completely 
washed away following the two-minute 
application, CHX is adsorbed to implant 
surfaces creating a smear layer which could 
possibly form a mechanical and biological 
barrier compromising graft adhesion. Many 
areas of bacterial colonies covering the 
surface of CHX treated samples were 
evident. This could be the result of the 
biofilms being protected by a characteristic 
glycocalix or the fact that limited mechanical 
disruption and CHX diffusion occurred at the 
inaccessible rough areas. Chlorhexidine has 
been seen to be ineffective on 
hydroxyapatite surfaces for bacterial growth 
reduction.48 On the other hand, a review by 
Claffey et al. of 43 experimental and clinical 
studies which evaluated different 
decontamination protocols using sterile 
saline solution, CA, CHX, and hydrogen 
peroxide, failed to show that any one method 
was more effective than the others.49 
In spite of the fact that many studies 
reported a clinical improvement following 
saline irrigation of peri-implantitis affected 
surfaces, the implant surfaces that were 
saline treated appeared in the present study 
completely covered by a smear layer which 
could explain the nearly total lack of graft 
particles over the implant surfaces. Our  
same group’s previous study suggested a 
smear layer being a major barrier 
compromising the adhesion of grafted 
particles to implant surfaces.34 Similarly, 
Gamal reported that the smear layer 
compromised the adhesion of graft material 
to periodontally affected root surfaces.33 
Human studies have shown that implant 
surface cleaning combined with mechanical 
methods, such as curettes and saline 
soaked cotton pellets, contribute to obtain 
clinically stable results for up to 24 
months.50,51 An anti-infective therapy 
including surgical debridement of implant 
surfaces with carbon fiber curettes or 
titanium covered curettes, followed by 
rubbing of the implant surface with sterile 
saline soaked gauze and rinsing with saline, 
as well as post-operative prescription of 
amoxicillin and metronidazole for 7 days 
were found to prevent the disease’s 
progression for 12 months.52 Saline irrigation 
in the present study was found to remove 
surface debris following mechanical 
debridement but not the firmly adherent 
smear layer on rough implant surfaces. 
Following periodontal healing scenarios, 
root surface debridement and graft 
application without smear removal usually 
resulted in improved clinical parameters in 
spite of the reduced adhesion of the clot 
blended graft to the smear covered root 
surface which compromises true 
regeneration. Similarly, implant surface 
debridement followed by saline irrigation 
with its limited smear removal capacity could 
improve clinical parameters in spite of the 
compromised graft-implant adhesion. Such 
lack of union between the grafted particles 
and instrumented implant surfaces cannot 
prevent the apical migration of the epithelial 
attachment, which is the major cause of 
partial or complete exfoliation of bone 
particles with the resultant implant surface 
being nonconductive for bone formation.10, 
24,25 It has been suggested that the provision 
of an implant surface conductive to bone 
formation is a prerequisite for successful 
regenerative treatment of peri-implantitis.16 
The present finding contradicts that of 
Persson et al. who reported that the use of 
saline soaked cotton pellets to treat induced 
peri-implantitis in dogs in combination with 
systemic amoxicillin and metronidazole for 
17 days resulted in re-osseointegration of 
smooth surfaced implants and SLA surfaced 
implants, with significantly more 
osseointegration in SLA implants.53 
Within the limitations of this study, the 
authors can conclude that the use of CA 
conditioning for titanium implants improves 
the adhesion of the graft to peri-implantitis 
affected surfaces. Chlorhexidine and saline 
surface conditioning appeared to be an 
ineffective means of surface treatment. The 
effect of CA surface treatment resulting in 
organic smear removal and titanium pore 
exposure improves such integration. Such 
improved adhesion seems to retard the 
apical migration of the epithelial attachment 
that could enhance re-osseointegration. 
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